The . The high turbidity level has affected coral reefs and marine species. The mangroves are lost faster than they are regenerated by the coastline's change. Variations in the elemental compositions of calcium and iron show the terrigenous influence on the dynamics of the bay during Extreme Weather Events (EWP) in the river basins that flow into it. Abrupt changes in the rainfall regime produced an equal change in the estuary sedimentation regime, according to the 210Pb. In the 2007-2016 period, a column of sediment that reached 38 cm and a 12 cm to 8.4 km column were deposited 4 km southeast of the municipality of Sánchez and east of the mouth of the Yuna River. The Sedimentary Accumulation Rate is very high, and the content of heavy metals exceeds the threshold values of Table SQuirt. 
Introduction
The island Hispaniola, located in the arch of the Greater Antilles in the Caribbean region, has its origin in the region's tectonic movements and volcanism. Inside it has several active geological faults (Mann et al., 1984) , the most important being the northern one on the northern edge of the Caribbean plate where it collides with the North American plate (Bionini et al., 1984) . In the northeastern section, in the study area, the Bay of Samaná, is influenced by a zone of subduction (Figure 1) , where tectonic movements are frequent, often producing small earthquakes. In the Bay of Samaná on August 4, 1946, an earthquake of magnitude 8.1 on the Richter scale, the largest earthquake in the Dominican Republic, was recorded by instrumental seismology (Delanoy, 1996) . The region moves according to the shifting of the Caribbean plate about 37 mm per year, which represents a displacement of 63 cm in 20 years (Bionini et al., 1984) in the region, the Cibao fault, and the North. The Yabón fault, the most important of the eastern mountain range, meets the Cibao fault and the Septentrional fault in Samaná Bay, giving rise to a very complex area from the point of view of structural geology and tectonics (Bird, 1980) . Coastal displacements by the tectonic forces that affect the region generate the formation of lagoons, which results in the Atlantic Ocean gaining ground while the bay loses ground (Brink et al., 2004) . The sediments caused by landslides on the peninsula's escarpments and the drags of the rivers and streams in the northern part of the bay (Eptisa, 2004) during storms and hurricanes are important entities for its degradation (Dolan, 1991) . The greatest contributions come from the waters of the Yuna, Yabón, Caño Hondo, and Yeguada rivers that flow south into the bay. The coastal area to the south has been changing due to the contributions of large masses of soils that have been washed away. The use of nuclear and conventional analytical techniques has allowed the reconstruction (Alonso-Hernández et al., 2016) of the degradation process and the factors linked to the sediments in the period from 1900-2016.
The sedimentation rate, physicochemical composition, enrichment, and age are information that we can obtain through these techniques. These parameters are always linked to the displacement of soil masses either by landslides or erosion during heavy rains, which are usually linked to storms or hurricanes and are considered Extreme Weather Events (EWP). Since the 90s, there has been an increase in EWP (NCA, 2018) , which affected the Bay of Samaná during the 2004-2012 period, an incidence predominant in the La Niña period (Null, 2017) . EWP are frequent in the Dominican Republic because of their location in relation to the routes of tropical waves, hurricanes, and storms that form in the south-central zone of the tropical Atlantic and that are dragged by the trade winds to the northwest, as well as CRCC's (Mendez-Tejeda, 2017). The rivers' sediment contributions during the storms of 2004-2012 were very remarkable (Delanoy et al., (2017) . The same happened with the passage of hurricanes Irma and Maria in September 2017.
The Bay of Samaná holds an important economic importance for the Dominican Republic. It is a place to sight humpback whales which, in late winter and early spring, remain in the bay's warm waters to breed. Tourism, fishing, and agriculture are the most important economic sources of livelihood in the towns of Sánchez, Samaná, Sabana de la Mar, and Miches. These are some of the reasons for the importance of studying sedimentation as an element of the ecosystem's (coastal zone and biodiversity) degradation. The study of sediments can provide current and past information since they record the geological and hydrological phenomena of the basin from where they are transported by river waters or wind. The use of nuclear techniques as tools allows reconstructing the past of a basin's activities. Through dating with 210Pbex, a natural radiotracer of the 238U disintegration chain, it is possible to reconstruct the past (up to 150 years), using sediments as environmental files (Alonso-Hernández, et al., 2016 , IAEA 1989 , Salamanca et al., 2003 , Rodriguez, et al., 2013 . This period 
Methods

Study Region
Core samples were taken at the different mouths of the rivers, the Yuna River and its tributaries the Camú and Jaya rivers cross the central Cibao region, collecting the waters of the Monseñor Noüel, Duarte, Sánchez Ramírez, and La Vega provinces, depositing their waters and eroded soils in the Bay of Samaná. In these provinces are important human settlements dedicated to agriculture, livestock, and mining that contribute to soil erosion and water pollution. Many of the waters used by domestic and hotel services in Samaná and Sánchez, towns located north of the bay, are also discharged to the water sources without treatment and contain metals and solid waste. To the south of the bay are the towns of Sabana de la Mar and Miches, which are related to the sediments that come from the rivers Yabón and La Yeguada, respectively. The main tributaries coming from the north side are the Majagual River and a series of small streams between the towns of Majagual and Sánchez (from north to south with little distance between: El Rancho streams, Los Chicharrones, La Jagua, Agua Buena, Las Canoas, La Cabilma, Los Naranjos, and Los Remedios). Several of these tributaries pour their waters into the Yuna near the mouth. Other tributaries are located between the towns of Sánchez and Punta Balandra, from north to south, with little distance between the Punta Gorda, Higüero, Salado, Hondo, Juana Vicenta, Las Flechas, and Los Limones streams and the Santa Capuza, Los Cocos, and the Bushi and Balandra rivers.
Yuna-Camu River
The Yuna river basin covers the south-central, northeast, and part of the north-central Cibao region, a 5,253 km 2 area surrounded by a broad-leaved forest that occupies about 44% (2.311 km 2 ) of the basin. The remaining 56% is dedicated to four types of intensive agricultural crop uses (848.63 km 2 ), pastures (634.16 km 2 ), rice (607.27 km 2 ), and cocoa (530.74 km 2 ). The high zones of the Central Mountain Range and the Sierra de Yamasá are covered by 190.28 km 2 of coniferous forest (3.62%) (García- Senz et al., 2007 , Hernaiz-Huerta et al., 2004 .
La Yeguada River (Miches)
Located in the El Seibo province in the Yuma region, La Yeguada River flows into the municipality of Miches. The area of the basin is 53.7 km 2 . Cocoa plantations are the main land use coverage in the La Yeguada river basin, comprising an area of 26.5 km 2 (49.3%). The humid and semihumid broad-leaved forests cover 19.33 km 2 (36%) of the basin. Grass is another land use, with about 7 km 2 (12.98%) of the basin (García- Senz et al., 2007) .
Yabón River (Sabana de la Mar)
The Yabón River is located in the Higüamo and Yuma regions and the Hato Mayor and El Seibo provinces. The area of the basin is 370.61 km 2 . The largest land use is for the cultivation of cocoa, about 107.24 km 2 (28.94%). Followed by the humid broad-leaved forest with 85.18 km 2 (22.99%) of the territory, grass occupies the third place with 71.83 km 2 (19.38%); the land uses with smaller extensions are: dry scrub, coconut, intensive cultures, among others (García- Senz et al., (2007) .
Results
The results of the seven cores are shown in the following tables and graphs using techniques with X-ray fluorescence spectrometry. Tables 1-9 contain some values of the majority and minority elements determined in the nuclei by X-ray fluorescence as well as the sedimentation rate determined by lead-210 dating (Lozano et al., 2011) , relating it to the deposition date of the sediments in the mouths of the rivers Yuna, Yabón, La Yeguada, Samaná, and Caño Hondo and one taken inside the Bay of Samaná. This information is related to the sedimentation of the Bay of Samaná due to the dragging of soils during tornadoes, storms, and hurricanes. The increase in iron and calcium in the C1 core is related to the substitution of organic matter as it degrades (Table 3) . The decreases in iron and calcium in sections 20, 52, and 70 were due to an increase in mercury concentration.
Potassium values are related to organic matter content and those associated with EWP (Tormenta Olga, 2007 , Hurricane George, 1998 and Gert, 1981 , according to the date and the mass and sediment accumulation rate (Table 3, Figure 6 ). In the case of the Gran Estero and Lower Yuna, these sediments have historically been deposited by the river (Dolan, et al., 1998) . Iron decreases with depth in the C2 core (Table 4) , and calcium increases slightly. The C1 core showed an increase in calcium and the rate of sedimentation (1998) as a result of Hurricane George ( Figure 5 ). This was taken in the area of influence of the Yuna River, as well as in the C1 core. The C3 core taken north of Miches, near a galleon loaded with mercury that sunk in the year 1724 during a storm (Fernández-Domingo, 2010), presented higher values of calcium than other nuclei and high mercury values (Table 5, Figure 7 ). In the Samaná port (Samaná River), the C4 core was extracted, where calcium and iron decreased with depth (Table 6 ). Between 22-43 cm, a change in the sedimentation rate was observed (Figure 8 ). Of terrigenous influence, the Samaná River collects wastewater from Santa Bárbara de Samaná. Changes in the composition of the elements and the rate of sedimentary accumulation correspond to EWP (Figure 8 ). Figure 8 . Relationship of the chemical elements with the depth in core C4 (majorities: potassium, calcium, and iron; minorities: chromium and lead). Core C5 (majority: potassium, calcium, and iron; minority: chromium and lead) Vol. 11, No. 3; 2019 The sedimentation between 0-33 cm is similar in relation to calcium and iron; from here until 45 cm, calcium increased, and iron decreased, changing more iron than calcium in the composition. Titanium, similar in nature to iron, diminishes toward the surface. Calcium and strontium, of a similar nature, follow the same trend, changing their relationship in the same sections as the other elements, according to the climatic conditions in the region of the port of Samaná. At 45-47 cm, there was a change in the sedimentation process. At this depth, the values of many elements tend to be constant.
The graphs that relate the TAS and EWP indicate that the Olga and Noel storms did not affect the north coast of the bay, unlike other EWP (Figure (8) due to the trajectory of these phenomena (NOAA, 2019). The most notable changes observed in the sedimentation regime of the C5 core are associated with Hurricane Debby, which occurred in the year 2000: calcium has replaced iron in recent years. Changes in composition also associated with EWP were observed at other depths (Scott et al., 2013) . The Yabón River flows into this area, close to the municipality of Sabana de la Mar. After the Yuna, it deposits the most sediments in the bay ( Figure  10 ). Its main basin, formed by karst and volcanic rocks, is in the eastern mountain range. The chemical elements of core C5 at 0-64 cm present changes; from 60 cm, the values remain constant, coinciding with the year 1990 and Hurricane Klaus. In the C6 core, the same process occurs with similar geological characteristics as in the C5 core. The sediments come from Los Haitises National Park, formed by karstic rocks, dragged by the Caño Hondo River, and deposited in San Lorenzo Bay. At the mouth of the La Yeguada River in Miches, the C7 core was taken, basically consisting of calcium carbonate. The majority elements vary according to the sedimentation rate, the EWP, and also the minorities of lead and chromium. Core C7 has the same behavior as cores C5 and C6. The changes in the sedimentation rate are related to meteorological eventualities. 
Discussion
From the 90's, the EWPs have increased both in frequency and intensity (Goldenberg et al 2001 , Villarini et al 2011 , because the TAS has also been increased in the Bay of Samaná. There are two other phenomena that have been developed in the DR that are the deforestation of Los Haitises National Park and the mining exploitation in Pueblo Viejo, Cotui.
The sediments, by their origin, contain heavy metals and an important amount of organic matter (from 15 to 24%). In the sediments contributed by the Yabón River, the content of organic matter has been decreasing, by which we can assume that this has been very quickly undermining its new channel when it is diverted. In the case of the Caño Hondo River, which flows into the bay of San Lorenzo, the content of organic matter varies between 10 and 15%. The sediments deposited by the rivers Yuna, Yabón, and La Yeguada have filled the lower parts (beaches) of the coastal area to the south of the bay which, added to the uprisings by the tectonic movements, have caused the land to enter the bay. The sediments deposited by the Yuna River during the period from 2003-2018 have occupied an area of 2.17 km 2 in the Bay of Samaná (Figure 9 ) while those deposited by the rivers Yabón and Yeguada occupy 0.08 km 2 and 0.06 km 2 , respectively.
Conclusions
In the period from 2007-2016, a sediment deposit that reached 38 cm and a column of 12 cm was placed at about 4 km southeast of the municipality of Sánchez and east of the mouth of the Yuna River. In the bay of San Lorenzo, a column of 22 cm (2.2 km) from its mouth was deposited by the Caño Hondo River from Los Haitises.
In the port of Samaná, a column of more than 28 cm was deposited in the same period. At the mouths of all the rivers, streams, and gullies of the northern part of the bay, large amounts of sediment were also found. In this period, the storms Noel-Olga, (2007), Ike (2008) , Henry (2009), Earl (2010), María-Irene (2011), Dorian (2012), Gabrielle (2013) , and Bertha (2016) occurred. In 2017, hurricanes Irma and María hit the entire Samaná Bay, especially the La Yeguada river basin in Miches and deposited a quantity of sediment in the coastal zone.
The behavior of the sediments deposited in Samaná Bay by the rivers Yuna, Yabón, Caño Hondo, and La Yeguada are directly linked to EWP such as troughs and storms, as well as a decrease in these sediments, which can be observed when there are drought episodes (Figure 4 ). In the first depositions from EWP, the content of organic matter is higher than the next depositions by the trawls, this being recorded in the sediment rates and compositions. Abrupt changes in the rainfall regime produced an equal change in the estuary sedimentation regime, according to the 210Pb dating of Sánchez's core (Yuna-Barracote).
